Sum;inary. Light-induced absorbance changes were investigated in chloroplast fragments of wild type Chlamiiydomitonas reinhardi and 5 different mutant strains having impaired photosynthesis. Two absorbance changes were detected, 1 hftving a maximtum at 553 nm and the other at 559 nm. The component exhibiting the 553 nm change is a cytochrome similar to cytochrome f from higher plant chloroplasts. The component exhibiting the 559 nm change has the properties of a cytochrome similar to cytochrome b,. Two of the mutant strains (aic-115 and ac-141) were foutnd to lack the 559 cytochrome and light induced only the oxidation of the 553 cytochrome. A third mutant strain (ac-206), previously shown to lack the 553 cytochrome, exhibited only the lightindtuced reduction of the 559 cytochrome. A fourth mutant strain (ac-208), shown to lack plastocyanin, exhibited absorbance changes attributable to both cytochromes. However, light was capable of inducing the reduiction of the 559 cytochrome btut not its oxidation. On the other hand, light induiced the oxidation of the 553 cytochrome btut not its reduction.
btut not its reduction.
These observations are disctussed in terms of the series formulation for photosynthetic electron transport in which the 559 cytochrome is reduced by system II and transfers electrons via the component affected in aic-21 to the 553 cytochrome. Accordingly, system I sensitizes the oxidation of the 3 components of the electron transport chain.
Reactions of the photosynthetic electron transport chain of the.unicellular green alga Chlantydomionas rcinzardi have been investigated using the wild type strain and mutant strains that are incapable of carrying ouit normal photosynthesis (4, 8, 9, 12) . The pturpose of the investigations with the mutant strains is to determine the nature of the componenits of the photosynthetic electron transport chain and the sequience in which they act (8) . For example, recent investigations of NADP photoreduiction and photosynthetic phosphorylation with 2 different mutant strains (4), one lacking a c-type cytochrome, the other plastocyanin, stuggested that these 2 chloroplast components function in series in the photosynthetic electron transport chain and that their sequtence is system II -) cvtochrome 553 e plastocyaniin -system I, where system I anl system II refer to 2 different photochemical reaction centers (3) . 1 This iwvestigation \vas supported by grants GB-2955 frcm the National Science Foundation and GM-12336 from the Nationial Institutes of Healtlh. 2 Present Address: Charles F. Ketterinl Researcl Laboratorv. Yellow Springs, O.-io.
A series of experiments concerned with both in vivo and in vitro light-induced absorbance changes in the wild type and certain mutant strains has been initiated. Chloroplast fragments were tised in the experiments described here, for in contrast to intact cells, the fragments lack the relatively large light-induiced absorbance change at 515 nm that tends to obscure absorbance changes in the region from 550 to 560 nm. The results obtained with chloroplast fragments provide evidence for the participation of 2 different cytochromes in the photosynthetic electron transport chain of C. reinhardi as well as for plastocyanin and a component whose chemical nature is unknown. The evidence will be discussed in terms of the series formulation for photosynthetic electron transport posttllated originally by Hill and Bendall (5) .
Materials and Methods
Organisms and Conditions of Growth. The wild type strain (137c) of C. reinihairdi and 5 different mtutant strains derived from it (ac-21, ac-115, ac-141, ac-206, and ac-208) were used. Some of the photosynthetic properties of these strains have already been described (4, 8, 9, 12) . \Vhole cells of each strain are uinalble to fix carbon dioxide by photosynthesis becauise photosynthetic electron transport is blocked. This block is detected by the observation that chloroplast fragmenits of each strain fail to photoreduice NADP when the souirce of electrons is from water. \Vith the exception of atc-208, the block in each of the other muitant strains can be by-passed when re(luce(l DPIP is provided as the souirce of electrons for the phDtoreduction of NADP (4, 8, 9) .
Chloroplast fragments were prepared from cells of logarithmic phase cuiltuires growxn in Tris-acetatephosphate mediuim (4) 4B) . The light-minus-dark differeince spectrtim for chloroplast fragments of ac-206 is showin in figlure 5. Whereas a peak at 559 lnm is evident, the peak at 553 nm for the reduiced a band of cvtochrome 553 is absent. The peak at 559 nnm may be attributed to the a band of a cv-tochrome similar to cvtochrome b. from higher plants (6').
In contrast to clhloroplast fragmeints of 1)oth wxTild type and c-206, the mutant strainis (c-115 and (c-111 failecl to exhibit any light-ind(u11ced absorl)ance changes at 559 1nn. Figure 6 shows the resLults obtained with oc-1-l. I ildeintical resuilts \vere o0- The fifth mutant strain considered here, ac-208, lacks the copper protein, plastocyanin (4) . No marked light-induced absorbance changes were detected with chloroplast fragments of ac-208 uinless ferricyanide was added (fig 11, 12) . In the presxi 553 ence of ferricyanide ( fig 12A, 12B) an increase of absorbance was detected at both 553 and 559 nm. In other words, when the preparations were oxidized chemically, light was capable of inducing a reduction of both cytochrome 559 and cytochrome 553. However, if the preparations were reduced chemically with ascorbate ( fig 12C, 12D) , there was no lightinduced oxidation of either cytochrome. In fact, light-induced oxidation was nc even after the preparations had been rec ascorbate in the dark. In contrast, pr that had been oxidized in the dark with fc exhibited the light-induced reduction of c 559 but not that of cytochrome 553.
The results obtained with the wvild type and mutant strains are summarized in table 1. They can be accommodated most simply by the hypothesis of the series formulation for photosynthetic electron transport proposed originally by Hill and Bendall (5) and extended by other investigators (13) . According to the series formulation and the Xi 559 results presented here, a partial sequlence of the photosynthetic electron transport chain of C. reinthardi can be diagrammed as shown in figulre 13. The formtulation is not meant to convey that only 4 components lie between systems I and II, btit 3 at 553 and rather that there are at least 4 components as deZarts A and duiced from the behavior of the mutant strains. ts C and D
The 553 nm component, either missing from or inactive in ac-206, appears to be a c-type cytochrome having a reduced-minus-oxidized difference spect detected trum (4) similar to cytochrome f, the c-type cvtoluced with chrome obtained from chloroplasts of higher plants reparations (2) . The oxidation-reduction potential for the erricyanide c-type cytochrome from C. reinhardi is +0.37 volt sytochrome (Gorman and Levine, unpublished results), a value similar to that reported for the c-type cytochrome 
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from the chloroplasts of other plants (2, 7, 11, 14 Hill and Scarisbrick (6) . It was found in both the green and non-green tisstue of higher plants, and it was autoxidizable and could be reduced with ascorbate. In addition, it was reported that cytochrome b, was denatured by acetone extraction of plant tissue whereas cytochrome f and cytochrome b6 were found to be more resistant to extraction.
The component in C. reinhardi exhibiting an absorbance change at 559 nm and either missing from or inactive in ac-1ll and ac-115 shares some of the properties of cytochrome b3, for its reduced absorbance maximum is the same as that given for cytochrome b3 (fig 5) , it is autoxidizable (fig 10B,  12B) , and it is reduced with ascorbate. In addition, it has not been detected in acetone extracted cells of C. reinhardi whereas a b-type cytochrome having the properties of cytochrome b6 has (12 (Gorman and Levine, unpublished observation). It has been shown elsewhere (4) that plastocyanin is requiired in C. reinhardi for NADP photoreduction when the source of electrons is reduced 2, 6-dichlorophenol-indophenol. However, neither cytochrome 559 nor cytochrome 553 are required, for this reaction occurs in ac-115, ac-141, and ac-206 (4, 8, 9) .
It will be noted from the light-mintus-dark difference spectra (fig 5, 8 ) that there is no evidence for a light-indtuced absorbance change having a peak at 563 nm, the reported peak ( 12) for the reduced a band of a b-type cytochrome of C. reinhardi resembling cytochrome b6. Though the experiments reveal no evidence for this cytochrome in preparations of chloroplast fragments, a lightindutced absorbance change having a peak at 564 nm has been detected in whole cells (Levine, un- published observation). It would appear, therefore, that there are 2 b-type cytochromes in C. reinhardi and that they have different sensitivities to extraction and to cell breakage, for one, cytochrome 559, is denatured by acetone extraction and has not been detected chemically and the other, cytochrome 563 is denatured by cell breakage and has not been detected in chloroplast fragments.
